Nonlinear optical single crystals of L-histidine nitrate (LHN) as well as 0.05 mol % Y 2+ doped LHN and 0.10 mol % Y 2+ doped LHN were successfully grown by slow evaporation technique at room temperature. The lower cutoff wavelength and transmittance were 339 nm, 343 nm, 347 nm and 84 %, 86 % and 87 % for LHN, 0.05 mol % and 0.10 mol % yttrium doped LHN, respectively. Powder XRD studies revealed that the grown materials belong to an orthorhombic system with the space group P2 1 2 1 2 1 . FT-IR peak at 534 cm −1 due to yttrium coordinated with oxygen was observed. The EDAX analysis confirmed the presence of such elements as C, N, O and Y in the grown materials. High intensity PL emission peak was obtained at 420 nm.
Introduction
Organic nonlinear optical materials have been attracting attention of numerous researchers and people from industry due to their versatile properties, such as low dielectric constant at high frequency, low laser damage threshold, high transparency, high refractive index, good chemical and thermal stability [1, 2] . Because of unique properties, the NLO materials are employed in different fields of applications such as optical data storage, signal transmission, high speed information, optical computing, telecommunications, sensors and lasers [3] [4] [5] [6] [7] . The quality of the organic materials is based on π electron bond system. The π bond system with appropriate electron acceptor and donor groups can enhance the optical nonlinearity [8, 9] . L-histidine is a highly active optical material among all the amino acid crystals. The molecular formula of L-histidine is C 6 H 9 N 3 O 2 . Non-centrosymmetric space group of L-histidine nitrate is P2 1 2 1 2 1 [10] . Many articles reported on L-histidine derivatives, such as L-histidine nitrates [11] , L-histidine nitrate monohydrates and L-cysteine tartrate monohydrates [12] , * E-mail: mselvapandiyan@rediffmail.com L-histidine nitrate NLO single crystals [13] , L-histidine family for NLO applications [14] , L-histidine and its hydrochloride derivative [15] , L-histidine 4-nitrophenolete 4-nitrophenol(LHPP) [16] and L-histidine oxalate [17] . Among all the communications reported by researchers, to the best of our knowledge, there has been no analysis on yttrium ion doped L-histidine nitrate (C 6 H 10 N 4 O 5 ). In the present work, we report on synthesis and growth of pure, 0.05 mol% and 0.10 mol% Y 2+ doped L-histidine nitrate single crystals grown by slow evaporation method. The grown crystals were analyzed by powder XRD, UV-Vis, FT-IR, PL and EDAX, and detailed results are reported in this article.
Experimental
L-histidine nitrate (LHN) crystals were synthesized and grown from L-histidine (99 % purity Loba) and nitric acid by low temperature solution growth and slow evaporation at ambient temperature [18, 19] . The calculated amounts of L-histidine and nitric acid were dissolved in deionized water in the equimolar ratio (1:1). The dissolved solute was continuously stirred for 3 hours using magnetic stirrer to get saturated homogeneous solution. Then, the solution was filtered with Whatmann filter paper (125 mm diameter) and kept in a dust free environment for solvent evaporation. After 45 days, a colorless and high quality L-histidine nitrate crystal was harvested. Again, as per above procedure, a L-histidine nitrate (LHN) solution was prepared in two different beakers and then 0.05 mol% and 0.10 mol% yttrium oxide was added into the LHN solutions separately. After an hour, the saturated solution was filtered and kept in an unperturbed place for obtaining high quality crystals. 0.05 mol% and 0.10 mol% of yttrium oxide doped LHN were obtained after 40 and 38 days, respectively. The as-grown pure, 0.05 mol% and 0.10 mol% yttrium doped crystals are shown in Fig. 1a , Fig. 1b and Fig. 1c . 
Results and discussion

3.1 UV-Vis studies
Linear optical studies of L-histidine nitrate (LHN), 0.05 mol% and 0.10 mol % Y 2+ doped L-histidine nitrate single crystals were performed in the wavelength range of 210 nm to 820 nm using DRS mode EVOLUTION 220 UV-Vis spectrophotometer. The recorded UV-Vis absorption and transmission spectra are shown in Fig. 2 and Fig. 3 . From the absorption spectra, the lower cutoff wavelength of the LHN, 0.05 mol % and 0.10 mol % Y 2+ doped LHN were determined as 339 nm, 343 nm and 347 nm, respectively. Beyond the lower cutoff wavelength, remarkable absorption in the UV and entire visible regions was observed in the obtained spectra. The obtained values clearly indicate that the grown crystals are suitable for frequency doubling applications. The optical energy band gap of the materials was calculated from Tauc plot. Optical absorption coefficient α of the grown crystals was calculated from absorption data by using the following equation:
where A is absorption and t is the thickness of the materials and:
where Eg is the energy band gap, h is the Planck constant and λ is the wavelength for various absorbance. If we multiply equation 1 and equation 2, we get αhν. Then, the graph was plotted between hν and (αhν) 2 to estimate the value of band gap of the grown crystals and it is shown in Fig. 4 
Powder XRD studies
The pure LHN and Y 2+ doped LHN crystals were subjected to powder X-ray diffraction studies using X'Pert PRO PANanalytical X-ray diffractometer in the 2θ range of 0°to 90°at the wavelength of 1.54 Å (CuKα radiation). Powder X-ray diffraction study was used for determining lattice parameters, crystallite size and lattice strain and also to confirm the crystalline nature of the grown crystals [15, 16] . The recorded X-ray diffraction patterns of the LHN and doped LHN are displayed in Fig. 5 . The determined lattice parameters are a = 5.25Å, b = 7.11Å, c = 25.04Å and α = β = γ = 90°. The obtained lattice parameters values confirm that the grown materials belong to orthorhombic system with a space group [20, 23, 24] . All the doped crystals peaks are slightly shifted due to addition of yttrium ions into LHN. Crystallite size of the materials was estimated by using Scherrer formula:
where D is the crystallite size, k is a constant, λ is the wavelength of X-ray radiation, β is the line width and θ is the angle of diffraction. 
FT-IR spectral studies
The functional groups and mode of vibrations of pure LHN and Y 2+ doped LHN single crystals were identified by using Perkin Elmer version 10.4.00 spectrometer in the spectral wavelength range between 400 cm −1 and 4000 cm −1 . The FT-IR spectra of pure LHN, 0.05 mol % and 0.10 mol % Y 2+ doped LHN are displayed in Fig. 6 . The peak at 3453 cm −1 is due to NH 3 asymmetric stretching vibration and C=O stretching vibration is confirmed by the peak at 1639 cm −1 . The peaks at 444 cm −1 and 2009 cm −1 are due to O-H plane bending and O-H. . . O valence stretching vibrations of the molecules. Yttrium is coordinated with oxygen, which is confirmed by the peak at 534 cm −1 [25] [26] [27] [28] [29] [30] . Some extra peaks are observed in the spectra of doped samples showing that the dopants play a vital role in changing the properties of the materials. Peaks of the spectra of doped materials are slightly shifted due to the incorporation of Y 2+ ion into LHN. The vibrational frequencies and assignments of L-histidine nitrate are presented in Table 1 . 
EDAX elemental analysis
The L-histidine nitrate and Y 2+ doped L-histidine nitrate were subjected to energy dispersive X-ray analysis (EDAX) using BRUKER nano, GmbH, D-12489 (Germany) with an accelerating voltage of 0 kV to 30 kV. Energy dispersive X-ray analysis spectra of pure LHN, 0.05 mol % Y 2+ doped LHN and 0.10 mol % of Y 2+ doped Fig. 7a, Fig. 7b and Fig. 7c 
Photoluminescence (PL) analysis
The grown single crystals were subjected to PL analysis using Varian Carry Eclipse photoluminescence spectrometer in the range of 220 nm to 500 nm. The recorded PL spectra of the pure and doped LHN are shown in Fig. 8 . The high intensity emission peak is observed at 420 nm at the excitation wavelength of about 221 nm. The high intensity peak in the PL spectra indicates the emission transition from D excited state to the F ground state i.e. the blue emission. In the PL spectra, a few lower intensity bands are observed between 225 nm and 400 nm which are attributed to f → f transition [31, 32] . The doped materials PL peaks are slightly more shifted due to addition of yttrium ions into LHN. The results of this change clearly signify that the higher concentration of Y 2+ ion doped material may be suitable for using in the field of frequency doubling.
Conclusions
Single crystals of L-histidine nitrate and 0.05 and 0.10 mol% Y 2+ doped L-histidine nitrate were synthesized and grown by low temperature solution growth slow evaporation method at room temperature. The energy band gap and transmittance values determined from UV-Vis absorption spectra are 3.85 eV, 3.89 eV, 3.91 eV and 84 %, 86 %, 87 % for pure LHN, 0.05 mol% of Y 2+ doped LHN and 0.10 mol% of Y 2+ doped LHN. The determined lattice parameters are a = 5.25Å, b = 7.11Å, c = 25.04Å and α = β = γ = 90°, which confirms that the grown materials belong to the orthorhombic system with a space group P2 1 2 1 2 1 . The FT-IR vibrational frequency at 534 cm −1 may be assigned to the yttrium coordinated with oxygen atom. The presence of carbon, nitrogen, oxygen and yttrium elements in the grown crystals was revealed by EDAX analysis. PL high intensity emission peak was obtained at 420 nm and the observed excitation wavelength was 221 nm. Based on the analysis results, the grown 0.1 mol% yttrium doped material is suitable for frequency conversion applications.
